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INITIAL  RESULTS  OF  INSTRUMENT-FLYING  TRIALS  CONDUCTED  IN  A SINGLE-ROTOR 

HELICOPTER  ‘ 

It.V  AI.MKII  I>.  ('KtM.  .lOIlN  I’.  ItKniF.R,  fllld  .IaMKS  li.  WlllTTFN 


SUMMARY 

1 iistininent-f yinf/  trialu  hnre  htrii  roiii/urfii/  In  a shu'le- 
rotor  /ie/iro/>lrr.  t/ir  manfui'nr  atnhiliiy  oj  iihicU  roii/d  ?>c 
r/iatiffifd  froii).  ndtUfuctory  to  ini^atUfactory.  'I  hc  resultx 
indicated  that  c-ri.‘<tiiig  lonyitiidin/d  fyiny-qiialitics  require- 
nientx  haxed  on  roiitact  fi'/ht  vt  ir  adrjiiatc  for  in.xtnimrnt 
fiiflht  at  npcedx  ahore  that  for  niiniinnin  poirer.  //oirrrer. 
lateral-directional  //rohlem.x  were  ( neoiiii/ered  tit  Ion-  xpeedx 
and  during  preeixion  inanenverx. 

The  adeipiary,  for  In  /ieopter  iixe,  of  xtandiird  airplane,  in- 
xtrumentx  wax  alxo  invextigated,  anti  the  root laxion,  wart 
rei^lied  that  xperial  inxtranie.ntx  won/il  he  dexirable  under 
all  eonditionx  ant!  nt-eexxary  for  xaxtaineil  loir-xperd  Inxtrn- 
inent  fight. 

INTRODUCTION 

If  tlie  i'ji|ml)ilitiex  of  tlio  lieli('()|)t('r  m o (o  I>e  fiillv  realized, 
iiistruiiieiit  and  night  flight  iiiii^t  Ih'  readily  arroiiipliahed. 
•Since  comparatively  little  instniineiit  flying  has  heen  at- 
tempted with  helicopteis,  the  lamgley  Aeroiiaiitical  Laho- 
raioiy  Inis  imdertaken  a flight  iii\ csi igal ion  to  determine 
whether  the  flying-ipnditie.s  re<]niremeiit.s  for  helicoptei-s  sng- 
ge.sted  in  reference  1 are  iuleipnite  for  instnnnent  flight  and 
whether  any  nnknown  or  nmisnal  prohlenis  exist.  In  addi- 
tion, information  was  sought  as  to  whether  “penal  flight 
instruments  are  necessary  for  siiceessfni  in.stniment  Hying  in 
rotary -wing  aircraft.  The  initial  results  of  this  jirogram  are 
given  in  the  present  report. 

TE.<5T  HELICOPTER  AND  METHODS 

CONnCURATION  AND  NODIFICATIONS 

The  single-rotor  helicopter  used  in  this  investigation  is 
.stiowi)  in  figure  1.  An  additional  set  of  controls,  a flight- 
instrmneiit  panel,  and  a cloth  hood  ( lig.  2)  were  installetl 
in  the  rear  cockpit  to  enable  the  pilot  to  Hy  solely  l>y  instru- 
ments. 

The  flight  instruments  provided  (fig.  •'!)  were  those  that 
are  normally  considered  adequate  for  an  airplane  and  in- 
fluded  a directioiial  gyro,  an  artificial  horizon,  and  a tiirn- 
and  bank  indicatia-.  all  of  which  were  eleitrieally  iiriven. 
The  artificial  horizon  was  somewhat  more  sensitive  in  pitch 

^ Sup«r8edi*»  NACy  TN  2T31.  ‘ Inltlnl  Kp^itlts  of  Insirimicnt  Flvluc  TrIrtI** 
InEEPfl  B.  Whitten.  1:152. 


than  a standard  instrnment.  •27“  providing  full-scale  deflec- 
tion. 'I’he  ti’ini  range  of  this  iiistrnnient  was  ke])t  within 
desirable  limits  by  tilting  the  entire  instrnment  panel  ap- 
proximately (>“  to  compensate  for  the  no.se-down  flight  atti- 
tude of  the  helicopter. 

For  test  purposes  the  maneuver  stability,  or  the  piesence 
or  absence  of  a fendtnicy  to  diverge  in  jiitch  (see  ref.  2),  was 
changed  by  means  of  horizontal  tall  surfaces  linked  to  the 
longitudinal  cyidic  control.  Two  configurations  were  used: 
tail-off.  wherein  the  helicoiiter  did  not  meet  the  longitudinal 
retpiirements  of  reference  1.  and  tail-on,  wherein  it  satisfied 
thtse  criteria. 

Imisnnich  as  the  test  helicopter  was  equipped  with  irre- 
versible serviK’ontrols,  wliitdi  give  no  stick-force  gradient,  it 
was  possible  to  introduce  artificial  “feel"  by  means  of  spring- 
loaded  centering  devices  installed  in  the  lateral  and  longi- 
tmlinal  cyclic  conti'ol  .-■y.~tci]i>. 

MANF.UVERS 

Three  different  flight  maneuvers  were  used  for  jnirposes 
of  this  investigation:  ( 1)  straight  .'ind  level  flight  for  1 min 
life  followe<l  by  left  and  right  !)()“  turns,  (2)  pattern  (’ 
(shown  in  lig.  4).  and  (:>)  groimd-controlled  approach 
(tiCA). 

Precision  was  llown  at  0.">  to  TO  knots  (lower  speeds 

were  not  ))ernntted  heeanse  of  trattic  conditions)  with  both 
the  tail-on  and  tail-off  contignrations.  Pattern  C was  also 
flown  with  both  contignrations.  The  level-tlight-phis-tiii  i 
pattern  was  )verformed  not  only  with  the  tail  on  and  off  but 
also  with  the  artificial  horizon  covered  and  uncovered,  at 
various  airs])eeds  ranging  from  l.'i  to  To  knots.  No  effort, 
was  m.ide  to  find  sm(M)th  air.  and  all  flights  were,  made  in 
light  to  moderate  tnrlmlence. 

In  general,  each  maneuver  was  performed  hy  two  pilots 
w ho  were  experienced  in  helicopters  and  held  airplane  ins.rn- 
inent  ratings  hnt  who  had  not  iirevionsly  flown  helicopters 
under  instrnment  conditions. 

.Str.mhird  X.\('.V  recording  instnnnents  were  used  to  ob- 
tain records  of  control  ]>osition.  altitude,  aospeed.  manifedd 
pressure,  stick  force,  and  yawing  velocity. 

'aan<hirt(V4l  In  f»  Sln^la'  Rotor  IIo|ipt>iafiT'‘  by  .Minor  H.  Print.  .I«hn  P.  U**o<la'r.  nnil 
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Figure  2. — Test  helicopter  with  instniment-Hjing  IkhxI. 
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RESULTS  AND  DISCUSSION 

MANEUVER  STABILITY 

Maiieir.er Stability  isan  iiii[>ortaiit  flviii<r-<Hi!ililii“n  rei|Mi>i’- 
merit  for  contact  fliglit  of  helicoptei-s  (see  ref.  -2).  An  jioiiitcd 
out  in  reference  3,  a helicoptsri-  wbich  lacks  siicli  stability  can 
exhibit  a rapid  and  dangerous  divergcpce.  in  pitch  if  tbc 
pilot  allows  his  attention  to  be  dicerted.  The  apiilicability 


of  this  re<[>:ivc;nopt  to  instnii'ient  flying  was  investigated  by 
means  of  lioiKled  flights  in  which  the  inanenver  stability  was 
changeil  from  nnsalistactorv  to  satisfactory  by  the  addition 
of  the  previously  mentioned  tail  surfaces.  The  results  indi- 
cate that  alrho'igh  the  accuracy  with  wliieh  any  given  ma- 
neuver could  he  flown  wa.-  about  the  .-aine  with  the  tail  on  or 
off.  the  effort  lessened  for  the  stable  configuration  ns  the 
I sjieed  increased  above  alauit  4"i  knots,  whereas  a reverse  trend 
in  this  respect  was  shown  with  tail  off,  tlie  effort  and  concen- 
tration reipiired  increasing  with  speed.  At  Jo  knots  little 
lifference  was  noted  between  the  two  configurations.  Al- 
tliongli  the  records  provide  no  nieasnre  of  the  mental  effort 
and  concentration  reiinired.  the  greater  physical  effort  at  75 
knots  for  the  nnstahle  as  compared  with  the  stable  confignra' 

1 tion  is  shown  in  the  flight  records  of  figure  .">  in  the  form  of 
greater  ficiinency  and  amplitude  of  control  motion. 

DIRECTIONAL  CONTROI. 

I'ndei'  certain  instrnment-llying  condition--.  lioldinL'  a 
given  heailing  appears  to  la-  a greater  problem  than  main- 
taining air-peed  nr  altitude.  Although  the  pilots  had  no 
particular  difficulty  in  flying  a given  conise  under  cniising 
conditions,  they  reported  that  at  low  airspeed-  large  devia- 
tions in  heading'  iH-ciirred.  Also,  diirinir  ground-controlled 
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iipproaches,  where  precise  headings  and  small  correctioiip  ore 
necessaiy,  a disjiroportionate  amount  of  attention  w^uSiTe- 
quired  to  luaiiitnin  headings  within  reasonable  limits.  A ma- 
jor reason  for  the  difficulty  in  heading  control  is  that  the  rate 
of  turn  for  a given  bank  angle  goes  up  as  siiecd  is  reduced, 
becoming  rather  high  at  the  lower  helicopter  speeds.  Inad- 
vertent deviations  in  hank  resulted  in  relatively  large  heading 
changes  while  the  pilot  was  scanning  the  instrument  ])anel, 
particularly  when  other  corrections  to  flight  attitude  had  to 
be  made.  Flight  records  .show  larger  and  more  frequent 
control  motions  and  an  increase  in  yawing-velocitj'  variation 
for  the  low-speed  and  GCA  nianeiivers. 

The  yawing-ve’ocity  records  are  of  particular  interest.  At 
almost  all  speeds  liiid  under  ino.st  flight  conditions  the  j awing 
velocitj-  varied  iii  a characteristic  oscillatory  manner;  the 
amplitude  changed  with  flight  condition  but  the  period  did 
not  vary  niateriallj-  (fig.  6).  Harmonic  analysis  of  several 
such  records  revealed  the  predominu  .t  motion  to  have  a pe- 
riod of  between  II  and  .a  seconds.  This  |)eriod  was  such  that 
it  might  have  been  related  to  the  time  required  for  die  pilot 
to  scan  the  instrument  panel.  However,  when  the  helicojiter 
was  intentionally  di.stnrbed  hv  rudder  kicks,  the  resulting 
oscillation,  although  usually  damped,  had  approximately  the 
same  frequency  as  that  for  controlled  flight;  therefore,  the 
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niotioii  was  prohably  not  induced  bj’  the  pilot.  Typical  os- 
cillations following  an  intentional  disturbance  are  shown  in 
figure  7.  The  significance  of  tliis  lateral-directional  oscilla- 
tion in  relation  to  tlie  pilots’  difficulties  is  not  clear  at  the 
present  time.  Howe'.er,  since  the  helicopter  was  almost  con- 
tinually bein,4  disturbed,  either  bj'  small  control  motions  or 
bj’  atmospheric  tiirbuleiice,  and  since  under  instrument-flying 
conditions  the  pilot  can  devote  only  a part  of  bis  attention 
to  heading  indication,  oscillations  having  a relatively  short 
period  would  probably  add  to  the  problem  of  maintaining  di- 
rectional control. 

SIMULATED  INSTRUMENT  FAILURE 

In  order  that  the  feasibilitj'  of  helicopter  instrument  flj'ing 
in  event  of  failure  of  the  artificial  horizon  might  be  deter- 
mined, several  of  the  level-fliglit-pliis-turn  maneuvers  were 
made  with  the  face  of  this  instrument  covered.  In  the  un- 
.stable  configuration  (tail-off),  the  uncertaintj’  felt  by  the 
pilots  at  the  higher  speeds  with  the  horizon  covered  wa.s 
indicated  hj'  continuous  manipul.ation  of  the  controls  in 
contrast  to  tlie  relatively  little  motion  employed  when  the 
horizon  was  available.  Also,  larger  deviations  in  flight  path 
occurred  when  the  horizon  was  not  available. 

For  the  stable  configuration  (tail-on),  the  flight  records 
show  little  difference  lietween  maneuvers  made  with  the  hori- 
zon covered  and  uncovered.  At  cruising  speecls,  heading, 
altitude,  and  airsiieed  were  maintained  witli  about  the  same 
accuracy  and  witli  little  or  no  more  control  movement  than 
when  all  ’’nrtriiments  were  available.  Even  in  tlie  stable  con- 
ligiiiiitioii,  liowevcr,  tlie  pilots  stated  that  prolonged  flight 
without  the  artificial  horizon  was  undesirable  except  as  an 
emergen  y meuxnr;.  beenn=e  of  the  high  degree  of  coneentra- 
tion  and  mental  effort  required  when  flying  without  this 
instrument. 

EFFECTS  OP  FORWARD  SPEED 

The  degree  of  difficulty  encountered  in  these  helicop'ter 
instrument-flying  trials  depended  to  a large  extent  upon 
the  forward  speed  at  which  thev  were  attempted.  At  speeds 
in  the  vicinity  of  cruising,  all  the  maneuvers  previously  listed 
were  successfiillj'  accomplished.  By  means  of  close  and 
constant  attention  to  flight  instruments,  altitude,  airspeed, 
and  heading  were  maintained  within  reasonable  limit.s.  Al- 
tliongh  more  difficult  than  in  an  airplane,  reiativelj'  complex 
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nmneuvers  such  as  pattern  C were  accomplished  with  the 
helicopter,  and  ground-cortrolled  a])proaches  wei-e  consist- 
ently made  down  to  altitudes  as  low  as  50  feet.  The  maneii- 
vere  were  successful  with  noth  the  tail-off  and  tail-on  con- 
figurations, although,  as  previously  mentioned,  the  stable 
condition  required  less  effort  on  the  part  of  the  pilot. 

As  forward  speed  was  decreased  below  that  for  minimum 
power,  the  helicopter  became  increasingly  difficult  to  fly  on 
instruments.  Larger  and  more  frequent  control  motions 
were  necessary,  and  greater  deviations  from  the  desired  flight 
path  occurred.  The  increased  control  motions  at  low  speed 
can  be  seen  in  figure  8,  which  is  a comparison  of  flight  rec- 
ords at  various  airsjieeds.  Although  no  sharp  dividing  line 
seems  to  e.vist  between  jiractical  and  impractical  forward 
speeds,  the  ])ilots'  opinion  was  that  steady  flight  belorv  25 
knots  Would  be  possible  only  for  short  periods  of  time. 

Some  of  the  difficulties  encountered  below  25  knots  are 
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apparently  due  to  errors  in  the  pieseut  nii'speed  indicating 
system.  Steady  indications  are  difficult  to  maintain,  even 
during  visual  flight,  and  fluctuations  due  to  yaw  and  pitch 
have  been  observed.  Also,  the  pilots  reported  that  at  these 
lower  speeds  unsteady  conditions  were  often  encountered, 
similar  to  those  found  in  the  vortex-ring  state  of  operation 
during  descents  at  low  forward  velocity  with  partial  power. 

There  are  other  problems  peculiar  to  the  low-speed  region. 
For  example,  at  low  speeds  very  small  angies  of  bank  pro- 
duce high  rates  of  turn,  so  that  precise  lateral-directional 
control  is  difficult.  In  addition,  the  pilot  experiences  little 
or  no  normal  acceleration  during  maneuvers  at  low  speeds, 
whereas  at  higher  speeds  such  accelerations  are  believed  to 
he  an  aid  in  detecting  changes  in  the  flight  path.  There 
is  also  the  fact  that  at  speeds  below  that  for  minimum  power 
the  relationship  between  power  required  and  speed  is  just 
opposite  to  that  normally  expected,  and  an  additional  burden 
is  thus  placed  upon  the  pilot. 

CONTROL  FORCES 

The  data  of  reference  8 indicate  that  the  pilot  should  be 
able  to  trim  steady  forces  to  zero  and  that  he  should  also 
have  a force  gradient  opposing  displacement  of  the  controls. 
These  requirements  seem  particularly  desirable  for  instru- 
ment flight,  since  in  the  present  trials  the  pilots  objected  to 
small  out-of-trim  forces  that  hud  not  been  apparent  to  them 
in  contact  flight. 

Various  foi’ce  gradients  were  tried  in  the  longitudinal  and 
lateral  control  systems  of  the  helicopter  in  the  stable  configu- 
ration. For  this  helicopter,  the  pilots  found  that  stick-force 
gradients  of  alxuit  2 pounds  per  inch  longitudinally  and  1 
])oiind  ])cr  inch  laterally  were  satisfaetory.  Thi®  longitudi- 
nal gradient  was  too  light,  however,  to  provide  satisfactory 
maneuvering  forces.  The  preload  necessary  to  overcome 
friction  (about  1 lb  laterally  and  4 lb  longitudinally)  and 
provide  positive  stick  centering  was  found  to  be  objectionable 
since  it  had  to  be  overcome  each  time  the  stick  was  moved 
from  trim.  .\  trimming  device  is  considered  to  be  necess.ary 
since  the  pilots  objected  to  out-of-trim  forces  as  low  as  1 
pound. 

POSSiULE  MEANS  FOR  IMPROVEMENT 

STABILITY  AND  CONTROL  CHARACTERISTICS 

The  results  of  the  present  investigation  have  shown  that 
improving  the  maneuver  stability  in  accordance  with  the 
requirements  of  reference  1 decreases  the  effort  required  of 
the  pilot  in  maintaining  a given  flight  path.  For  the  test 
helicopter,  this  improvement  was  accomplished  by  means  of 
tail  surfaces  linked  to  the  longitudinal  cyclic  control.  How- 
ever, depending  upon  the  basic  configuration,  there  are  other 
methods,  such  as  those  suggested  in  reference  2,  which  might 
work  equally  well  for  helicopters  lacking  in  maneuver 
stability. 

The  lateral-directional  problem  seems  less  likely  to  have  a 
simple  .solution.  One  possibility  for  improvement  would  be 
to  increa.se  the  damping  in  roll  and  thus  reduce  the  sensitivity 
to  gusts.  Another  suggestion  has  been  to  reduce  both  the 
dive,  tional-control  sensitivity  and  the  weatherewk  st.ability 
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ill  order  to  avoid  oveifoiitro'lliii}'  and  to  decrease  tlic  sensi- 
tivity to  Jateriil  gusts,  altliongli  this  procedure  may  conflict 
with  practical  reijnirenients.  A tliird  solution  is  to  use  an 
autopilot,  either  to  control  the  helicopter  directly  or,  in  effect, 
to  modify  its  stiiliility  derivatives.  This  approach  is  feasible 
hut  involves  a substantial  weight  jrennlty  and  does  not  alter 
the  fact  that,  in  event  of  autopilot  failure,  inheient  stability 
of  the  helicopter  would  be  highly  desirable. 

The  previously  luentioneu  directional  oscilhition  requires 
further  invest igrit ion  to  dcterniine  the  e.xtent  to  which  it  con- 
tributes to  the  pi  lot’s  difficulties.  An  increase  in  either  pericxl 
or  damping  of  this  motion  might  reduce  directional-control 
difficulties.  However  no  basis  for  evaluating  the  importance 
of  this  item  Inis  ns  yet  been  obtained. 

FLIGHT  INSTRUMENTS 

Since  the  fuselage  attitude  of  a helicoiiter  is  independent 
of  the  lifting-rotor  position,  the  conventional  artiticial  hori- 
zon does  not  always  pi'ovide  a reliable  indication  of  tlight- 
])ath  change  and  does  not  supply  the  jiilot  with  information 
that  will  allowUim  to  iint  icipate  disiilncement  of  the  helicop- 
ter from  trim  conditions.  Instruments  which  indicate  the 
attitude  of  therotor  with  res()ect  to  the  horizon  would  appear 
to  offer  solntionsto  problems  of  this  type.  .Another  a|)proach 
is  to  provide  tlie  ))ilot  both  attitude  and  rate  indication. 
Flight  data  olitained  with  an  instrument  which  combines 
fuselage  pitch  a.ttit tide  and  rate  of  change  of  attitude  have 
indicated  that  a coiiibniation  of  rate  and  attitude  informa- 
tion, ixissibly  about  all  three  axes  of  the  helicopter,  might  be 
tlesirable.  There  are.  also  strong  indications  that  an  instni- 
nieiit  which  ruiiiiiines  infoniialion  usually  obtained  from 
several  sources  might  rednee  considerably  the  difficulty  of 
helicopter  in.stniiiient  flying. 

Another  poaihility  for  improvenuiit  exists  in  regard  to 
airsjieed  indication,  since  at  very  low  speeds  reliable,  airspeeil 
information  isdifficult  to  obtain  in  the  lielicojiter.  In  addi- 
tion to  usual  prohleins,  the  variation  of  inflow  tlirongh  the 
rotor  makes  the  avoidance  of  installation  errors  difficult,  and 
gusts,  even  of  Miiall  inngnitnde,  can  produce  a large  per- 
centage of  the  indicated  reading.  A satisfactory  instrument 
would  jirobably  have  to  avei'age  or  dam])  the  gust  velocitie.s 
and  1>?  relativel;y  insensitive  to  variations  in  yaw  and  pitch. 


CONCLUSIONS 

As  a result  of  instrument-flying  trials  conducted  with  a 
single-rotor  helicopter,  the  following  conclusions  were 
drawn ; 

1.  Existing  longitudinal  flying-qualities  requirements  for 
helicopter  ni)])eBred  to  be  adequate  for  instrument  flying  at 
speeds  above  that  for  miniimmi  power. 

•2.  Changing  the  maneuver  stability  from  unsatisfactoiy 
to  satisfactory  markedly  reduced  the  effort  required  of  the 
pilot  to  nniintain  a given  fliglit  ])nth  under  instrument  con- 
ditions. In  iiihlition,  the  danger  due  to  divergent  tendencies 
was  removeil. 

•■t.  During  pi-ecisioii  maiieii vers,  such  as  grouiul-controlled 
approaches,  and  foi’  low-s)>eed  flight  in  genen’l,  control  of 
heading  appeared  to  be  a greater  (irobleni  than  maintaining 
altitude  or  airspeed.  Much  of  this  difficulty  w as  due  to  the 
fact  that,  at  nsinil  helicopter  .siie^ds,  small  angles  of  bank 
result  in  high  rates  of  turn.  The  lightly  damped  hiteral- 
directional  oscillation,  which  is  not  always  a|)|)arent  to  the 
pilot,  requires  further  investigation  to  determine  the  c.xtent 
to  which  it  contrilnites  to  tlie  pilot's  difficulties. 

4.  With  standard  airplane  iniitruments,  normal  instriiment- 
flying  maneuvers  were  possible  in  the  helicoiiter  at  speeds 
from  about  4.")  to  75  knots.  However,  close  iiiid  constant 
attention  to  flight  instruments  was  nfcces.sary.  Increasing 
difficulty  was  encountered  at  lower  speeds,  and  flight  below 
2.5  knots  was  [Kissilile  only  for  very  short  periods. 

.5.  All  iinhalanced  control  forces,  even  those  of  small 
magnitude,  were  objectionable  during  instrument  flight  and 
means  must  be  provided  for  trimming  such  forces  to  zero 
about  all  a.xes. 
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NOfTICE:  ^UEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  \jSP.li  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  REI-ATED 
GC  \E.RNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPCNSIBILTrY,  NOR  ANY  OBUGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVEPJ^MENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWE^GS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  UCENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RICTTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  DI  ANt  WAY  BE  RELATED  THERETO. 
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